INTRODUCTION
Over the last decade, solar energy has gained in popularity in the United States. Solar energy proponents point out that solar energy is the cleanest source of electricity: it does not require vast spaces of land or the damming of natural rivers, and it does not emit carbon dioxide. 1 The Obama Administration has also publicly supported solar energy. In 2010, the Obama Administration announced its plan to install solar panels on the White House roof. 2 Six years later, President Barack Obama acknowledged the significant progress of solar energy in his final State of the Union Address. 3 The numbers tend to show the popularity of solar technologies. According to the U.S. Department of Energy, solar installations have grown seventeen-fold since 2008. 4 Moreover, the current cumulative solar electric capacity in the U.S. has exceeded 22,700 Megawatts (MW).
5
No one denies the progress of solar technologies. However, the question remains whether these technologies indeed are "saving Americans tens of millions of dollars a year on their energy bills," as President Obama claimed in his State of the Union Address. 6 Several publications recently questioned the efficiency of current alternative energy programs. 7 They have focused on the free riding problem, where the cost of solar panels is shifted from those who reap the benefits to third persons, including low-income population. 8 The above problem is not uncommon in Pennsylvania: economically disadvantaged groups end up absorbing the costs of someone else's solar panels.
Specifically, the Pennsylvania legislature imposes certain minimum quantities of solar energy that state electric distribution companies are obligated to buy and supply to their customers. 10 Electric companies incur additional costs in complying with this requirement, which they pass along to their customers.
11
Despite some recent evidence that solar energy is inefficient in Pennsylvania, 12 Pennsylvania authorities continue to enforce this requirement. This paper argues that mandatory quotas for solar technologies in Pennsylvania are not an effective solution to developing renewable energy resources in Pennsylvania. In combination with net metering, solar quotas are resulting in subsidizing the owners of solar panels at the expense of lowincome people. 13 Part I will provide a historic development of the national energy regulation to put the solar regulation in the context. Part II will describe the current energy regulatory regime in Pennsylvania. It will address the statute that introduced retail competition in Pennsylvania, Act 129 on energy-efficiency, and Alternative Energy Portfolio Standard Act that specifically imposes solar quotas. Part III will discuss the negative implications of solar programs nationwide, and analyze Pennsylvania solar initiatives to come to the conclusion that the current regulatory regime should be modified to address cross-subsidizing and free-riding.
I. DEVELOPMENT OF THE NATIONAL ENERGY INDUSTRY: FROM MONOPOLISM TO DEREGULATION
The energy market of the United States was built on the principles of monopolism for many years.
14 This was mainly attributed to the high dependence of the energy industry on the infrastructure-once one electric company established its distribution system, the second company on the market had to create its own distribution system, which entailed high costs. 15 As a result, vertically integrated utility companies controlled all stages of energy production: generation, transmission, and distribution. 16 Moreover, they were granted geographic monopoly to serve all customers within a specific location.
17
The U.S. government, in exchange, subjected electric companies to extensive regulation, turning electric
companies into highly regulated public utility companies. 18 Specifically, electric companies were obligated to provide service to every customer within the company's service area on a non-discriminatory basis.
19
In addition, federal government had authority to approve the rates electric companies charged.
20
Vertically integrated electric public utility companies lasted until the 1970s energy crisis, when the biggest oil exporters introduced an embargo on all oil supplies to Western nations, resulting in a tremendous increase in oil and gas prices.
21
In an attempt to reduce U.S. dependence on foreign oil and develop alternative energy resources, President Jimmy Carter introduced the National Energy Act of 1978.
22
Its key element, the Public Utility Regulatory Policies Act (PURPA), required electric companies to procure a portion of the electricity from "qualified facilities"-small generation sources of alternative energy.
23
The Federal Energy Regulatory Commission (FERC) was put in charge of the PURPA implementation. 24 Specifically, the FERC promulgated regulations setting a minimum price for the energy procurement from such generation sources.
25
Under these regulations, electric companies were to buy energy from the qualified facilities at the price charged to the companies' own customers. 26 Because small generation sources of alternative energy could not get such high prices before the PURPA, the new regime was a significant step to encourage renewable sources of energy throughout the United States.
27
In the 1990s, the energy market went through a period of "deregulation." 28 Deregulation meant the "unbundling" of electric utility rates, i.e., separating 18 See Joseph P. Tomain, Electricity Restructuring: A Case Study in Government Regulation, 33 TULSA L.J. 827, 831 (1998). 19 Id. at 841. 20 Id. at 831. 21 Id. at 834. 22 Id. However, these sales still did not reach ordinary customers because FERC did not have jurisdiction to regulate retail competition. 34 In addition, state utility commissions that had the authority to regulate retail hesitated, for various reasons, to introduce retail competition on the energy generation market. 35 Consequently, the federal government took a few steps to encourage the use of alternative energy sources by requiring the electric companies to buy renewable energy from the qualified sources and by letting generation facilities that produced energy from renewable sources to compete on the open market.
36
In the mid-1990s, several states followed the federal trend of deregulating the energy market and authorized retail competition.
37
Under this new regime, residential and industrial electricity consumers were able to choose the type of generation source as their energy supplier. 38 States, however, went farther and introduced renewable portfolio standards.
39
Many of these standards required investor-owned electric utility companies to purchase certain amounts of energy 29 
A. Pennsylvania Unbundling
Following FERC Order 888, Pennsylvania enacted its own legislation that required the unbundling of utility rates-the Electricity Generation Customer Choice and Competition Act. 44 While the statute did not prohibit regulated electric utility companies from owning and operating generation facilities, 45 it prevented them from including expenses relating to generation facilities in their rate base. 46 Since regulated electric utility companies received their revenues from the sales of electricity to their customers charged at a pre-approved rate by the Pennsylvania Public Utility Commission (PA PUC), 47 the companies had no incentive to keep any generation sources in their system. 48 Electric utility companies could still recover the costs relating to generation facilities through selling generated energy on the open wholesale market.
49
The companies could, thus, maintain the generation side of the 40 
Id.
41 Scott, supra note 28, at 272-73. 42 (1996) . 45 Id. § 2804(5) ("The commission may permit, but shall not require, an electric utility to divest itself of facilities or to reorganize its corporate structure."). 46 Id. § 2807. energy business unburdened by PA PUC regulation, but they no longer had guaranteed revenues. 50 Hence, the Electricity Generation Customer Choice and Competition Act created the first impulse to reshape the Pennsylvania energy market.
51
The new regulatory regime prompted changes in electric utility business policies and practices, e.g., changes in billing practices and metering, and "stranded benefits," such as assistance to the low-income population, conservation programs, and consumer education.
52

B. Act 129
Twelve years after enacting the Electricity Generation Customer Choice and Competition Act, the Pennsylvania legislature adopted Act 129 that created the Energy Efficiency and Conservation (EE&C) Program.
53
The EE&C Program required electric public utilities with at least 100,000 customers to adopt the EE&C Plan, which was aimed at reducing energy consumption by at least 1 percent.
54
In addition to reducing energy consumption, the EE&C Plan had to be costeffective. 55 To measure cost-effectiveness, Act 129 introduced the Total Resource Cost (TRC) test-a cost-benefit analysis determined by PA PUC.
56
The test compared the net present value of financial resources spent over a 15-year period on supplying electricity with the net present value of the monetary cost of EE&C measures over the same 15-year life span.
57
In simpler terms, the test compared whether it was cheaper to continue supplying electricity for the next 15 years or to install the EE&C measures that would save electricity. 50 Id. 56 Id. § 2806.1(c)(3). 57 Id. § 2806.1(m).
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In order to meet the TRC test, the EE&C measures should provide greater net present value than the value of the avoided cost for supplying electricity. 58 Consequently, the TRC test has been the main evaluator of the EE&C measures implemented by electric public utility companies.
59
In addition, it has been widely used to estimate the cost-efficiency of any energy-related measure, including programs under the Alternative Energy Portfolio Standards Act.
60
C. Alternative Energy Portfolio Standards Act and Alternative Energy Credits
In 2004, the Pennsylvania legislature enacted the Alternative Energy Portfolio Standards Act (AEPSA) "designed to promote conservation and environmental stewardship by reducing reliance on traditional sources of electric generation." 61 The purpose of the AEPSA was to diversify energy sources, by requiring that a certain amount of power that electric distribution and generation companies sell to their retail customers come from sources of renewable energy. 62 Moreover, the AEPSA required that electric distribution companies (EDC) and electric generation sources (EGS) purchase a certain amount of solar photovoltaic power coming from solar alternative energy sources. For example, by 2020, EDC and EGS will be required to sell to their customers at least 0.5 percent of the energy that comes from solar photovoltaic technologies. The AEPSA is enforced through a system of Alternative Energy Credits (AEC) earned by EDC and EGS. 65 PA PUC, entrusted with the enforcement of the AEPSA, 66 has promulgated regulations that further develop the AEC system.
67
A specially assigned AEC program administrator (Administrator) monitors EDCs and EGSs on the issue of their compliance with the AEC requirements. 68 There are several ways in which EDCs and EGSs can earn these credits. 69 The first and most obvious way is through producing or buying energy from solar photovoltaic technologies, where one credit is equal to one megawatt of electricity generated or purchased from an approved alternative energy source. 70 Alternatively, EDC and EGS can buy AECs as a tradable instrument. 71 This means that AECs can be traded without actually being tied to power purchase by EDC, similarly, for example, to trading in stock or bonds. 72 Consequently, the AEC system creates an entire system of tradable instruments that can be bought or sold depending on whether an EDC (or EGS) underperformed or over-performed the Alternative Energy Standards. 73 For example, if an EDC sold 0.6 percent of solar energy to its retail customers in 2020, it could sell the remaining 0.1 percent to a company that only sold 0.4 percent.
The AEPSA originally gave the utility companies a two-year grace period from compliance with alternative energy portfolio standards, including solar energy requirements. 74 In addition, the companies were exempt from compliance with the AEPSA during the "Cost-Recovery Period."
75
The Cost-Recovery Period essentially meant the period of time during which EDCs continued to incur costs relating to generation facilities, without yet having recovered such costs for various reasons.
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Hence, Pennsylvania authorities gave EDCs an opportunity to recoup the costs spent on generation facilities.
In addition to alternative energy portfolio standards, the AEPSA introduced net metering. 77 Net metering enables connecting customer generators 78 to the EDC grid and rotating the energy from the generator back to the grid. 79 Customers can then sell the energy in excess of their needs back to the EDC. 80 Under the AEPSA and subsequent regulation promulgated thereunder, EDCs were required to provide a net metering option to all their customers who wanted to connect their generators to the grid. 81 Furthermore, EDCs were required to credit a customer-generator at the full retail rate. 82 Alternative energy and net metering came with a price, and Pennsylvania legislators were well aware of this.
83
With regard to EDC's expenses on generation or purchase of solar energy, the AEPSA allowed EDCs to recover "all reasonable costs" 84 incurred in the process of purchasing or generating solar energy and then reselling the energy to its customers as a default service provider.
85
Concerning the costs for small-scale solar projects incurred by residential customers and small businesses, the Pennsylvania legislature enacted the Alternative Energy Investment Act that provided funding to small businesses and residential customers willing to install solar panels through the Department of Environmental Protection. ] default service provider shall have the right to recover on a full and current basis, pursuant to a reconcilable automatic adjustment clause under section 1307 (relating to sliding scale of rates; adjustments), all reasonable costs incurred under this section and a commission-approved competitive procurement plan."). Because EDCs are natural monopolies with an obligation to serve customers of their service territory, they are default service providers and are legally obligated to procure energy sufficient to meet the demands of all their customers. 86 Id.
for large-scale solar projects, Pennsylvania created funding through the Department of Community and Economic Development. 87 Unfortunately, the good intentions behind the AEPSA have failed to bring positive changes, especially when it comes to solar energy. 88 First and foremost, the solar provisions of the AEPSA face strong obstacles due to their high cost. 89 Moreover, economic analysis of solar technologies yields uncertain results, which further chills the interests of investors in solar programs. 90 And those programs that do exist in Pennsylvania create the effect of subsidizing the few owners of solar panels that can afford such technologies at the expense of those who cannot-lowincome citizens. 
A. Solar Projects Nationwide
Solar technologies have proved successful in a number of states. This success can be largely attributed to the relatively lower cost of solar energy or the relatively higher cost of fossil fuels.
92
In such states, solar technologies, specifically utilityscale solar generation facilities, can become the energy of the future.
93
In other states, however, solar projects are mostly limited to distributed generation, which creates a series of negative externalities. 
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1) Types of Solar Technologies
The economic and social analysis of solar technologies is impossible without understanding the difference between utility-scale solar energy and rooftop distributed generation. Utility-scale solar energy is energy generated at power plants in the amount large enough to meet the needs of many customers.
95
Distributed generation is small-scale solar energy generation, ordinarily installed by customers themselves to satisfy their personal energy needs. 96 In many instances, however, the energy generated through distributed generation exceeds the needs of its owner, which gives such owner an opportunity to sell the energy through net metering. 97 The effectiveness of solar energy strategy often depends on the type of solar energy technologies used in each particular case. 
2) Success of Solar Technologies in Certain States
One of the U.S. leaders in solar technologies is, not surprisingly, California. developing wholesale distributed generation, 102 which is less popular than behindthe-meter rooftop and utility-scale solar technologies.
103
North Carolina-based Duke Energy, which is the largest U.S. electric utility company, also heavily invests in solar panels. 104 Similar to electric utility companies in California, Duke Energy prefers investing in utility-scale solar technologies that are more efficient than distributed generation due to the economy of scale. 105 Several electric utility companies in Arizona have followed the example of California and North Carolina-Arizona Public Service and Tucson Electric Power are implementing utility-owned rooftop solar pilot programs. 106 Utility-scale photovoltaic generation facilities also operate in Nevada. 
3) Negative Effects of Solar in Other States
Before trying to replicate the energy model of California or Arizona in other states, we must remember that these are states with two of the highest amounts of sunshine per year in the country.
108
In other states, for example Wisconsin, Connecticut, Illinois, Idaho, or Maryland, states that receive less sun, electric utility companies are not willing to follow the California or Arizona path and invest in utility-scale solar generation facilities. 109 Instead, they limit their programs to distributed generation, where their customers invest in solar technologies, while the utility companies only provide connection to the grid.
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Unfortunately, notwithstanding its potential benefits, distributed generation may negatively impact electric utility companies and their customers.
111
The key to understanding this phenomenon lies in the nature of the utility industry. 112 Specifically, electric utility companies receive their revenues from selling electricity within their service territory at a rate pre-approved by a state public utility commission.
113
The rates are established during a ratemaking case, in the course of which a state public utility commission considers the capital costs that an electric utility company invested and projected operating costs the company will have to spend to serve all customers within the company's service territory.
114
Because electric utility companies cannot increase their rate outside the ratemaking process, they are sale-driven-the more electricity they sell, the more revenues they get.
115
When customers satisfy their own demands for electricity with distributed generation, this reduces the market share of electric utility companies, and consequently reduces their revenues.
116
Even when distributed generation satisfies a portion of general demand, electric utilities companies' costs cannot simply be reduced per capita of their customer market-the companies still have to invest the same funds in energy resources, because they are legally obligated to provide a reliable service within their service territory if the distributed generation fails.
117
When the electric utility companies' revenues fall, they turn back to state public utility commissions to have their rates increased.
118
State public utility commissions have to balance two evils-on one hand, they do not want electric utility rates to skyrocket, while on the other hand, they need to make sure that the utility companies stay in business to serve their customers.
119
While electric utility companies can potentially increase the fee for providing connection to distributed generation, such an increase will affect the cost-efficiency of such alternative energy programs, and therefore reduce the company's TRC ratio. 120 Consequently, utility companies prefer recouping the loss in revenues through an increase in rates to all its customers.
121
As a result, the customers that do not own a distributed generation facility absorb the cost for the customers that do.
122
B. Adverse Social Implications of Pennsylvania Solar Program
Pennsylvania, which receives significantly less sun than California or Arizona, is a good example to test the hypothesis described in Part III.A.3. Currently, all seven Pennsylvania investor-owned EDCs have finished their cost recovery periods 123 and have become subject to new alternative energy portfolio requirements. 124 In particular, pursuant to the AEPSA requirements, 125 Pennsylvania EDCs provide opportunities for distributed generation using solar energy resources. PPL Electric Utilities (PPL), PECO, Citizen Electric of Lewisburg, and UGI allow their customers to connect customer distributed generation technologies to utility distribution systems subject to fees.
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127 UGI provides similar services to its customers: 128 limiting net metering for residential services to 50 kilowatt (kW) and all other service locations to 3,000kW. Similarly, Citizen Electric of Lewisburg allows connecting small solar photovoltaic projects to its distribution system subject to fees.
129
Pursuant to the AEPSA and PA PUC regulations, EDCs are allowed to recover the costs attributable to complying with the solar AEPSA requirements by using the non-bypassable Solar Photovoltaic Requirements Charge Rider (SPVRC Rider) as approved by the PA PUC.
130
Since solar energy remains more expensive in Pennsylvania than fuel energy, it does not require a complicated mathematical analysis to establish that when EDCs include their costs for solar AECs into their rates, the rates go up.
131
The analysis below will address the economic and social consequences of the Pennsylvania solar policy.
1) Addressing Economic Evidence
Solar technologies in Pennsylvania are predominantly limited to residential distributed generation.
"cost-effective within the study horizon" to even further explore their nature and economics. 134 However, the study determined that solar distributed generation is not equally cost-efficient when applied to residential, commercial and industrial sector.
135
This conclusion is based on factors such as high solar distributed generation equipment costs and moderate to low avoided costs in Pennsylvania (resulting in minimum benefits for distributed generation technologies). 136 The study concludes that, over time, costs for solar distributed generation may decline, but currently such technologies are not sufficiently cost-efficient to warrant any significant attention. 137 While other studies are more optimistic on the future of solar energy, none clearly addresses the ultimate issue-the cost-efficiency of solar technologies. 138 For example, in 2009, the American Council for an Energy-Efficient Economy issued a 255-page report on EE&C measures and renewable energy in Pennsylvania. 139 The report failed to address the cost-efficiency of solar technologies, or even a projection of when and under what conditions such technologies will be cost-efficient. 140 Another study expressly admits that "solar energy projects are feasible only through the income generated through incentives," meaning that solar can only work when subsidized. 141 Finally, one study justifies the economic value of solar technologies to the number of jobs it creates; 142 however, this number fades in comparison with $1.1 billion in state and local tax revenues generated and 140,000 jobs created by Marcellus Gas Development in Pennsylvania.
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Therefore, one should treat numbers with great caution. Studies that propagate solar energy often sacrifice sound economic analysis and instead engage in demagogy. The studies advocating for solar energy encourage us to strive for solar energy despite its economic cost.
144
The studies expressly call for subsidizing of solar technologies, but did not address potential negative effects of subsidies. 145 Hence, one should not base its argument in support of solar on the theoretical benefits of solar energy without considering realistic shortcomings. The emphasis should be made on mechanisms that can work in practice considering social realities. The current Pennsylvania regulatory regime seems to have embarked upon some very unsafe grounds going against prudent scientific and economic evidence.
2) Delineating Cross-Subsidizing
Pennsylvania regulators continue to push for the development of solar technologies, despite their own scientific and economic conclusions. For example, Pennsylvania EDC PECO successfully petitioned the PA PUC to recover costs associated with the procurement of AECs to comply with the AEPSA requirements (including the solar requirement).
148
The costs recovered were then passed on to the PECO customers.
149
PA PUC accepted PECO's argument, stating that the cost recovery would be "in the public interest."
150
As a result of such process, customers that do not own solar technologies end up subsidizing those that installed the distributed generation.
Recently, the PA PUC attempted to limit cross subsidizing of the solar technologies at the expense of non-solar customers and to prevent market distortions arising out of such cross subsidizing. 151 Specifically, in its order, the PA PUC introduced a limit on net metering of customer distributed generation capacity to not 144 This means that the customer generating its own energy can now only sell up to 200% of its needs back to the utility through net metering. 153 While the PA PUC acknowledged that the absence of any limits with regards to net metering "results in unjust and unreasonable rates paid by all other default service customers," it still introduced a generous upper limit despite the recommendations of Pennsylvania EDCs. 154 In particular, Pennsylvania EDCs pointed out that the 200% limitation would create additional costs for EDCs, "which in turn, would increase costs to electric customers" and result in "a higher level of cross subsidization whereby default service customers, who currently pay net metering cost as part of default service charges, would be required to pay an increased amount." 155 The notion of negative externalities is one of the main concepts in any law and economics theory. 156 Regrettably, the Pennsylvania legislature seems to have neglected to analyze the negative externalities of solar energy in Pennsylvania before it introduced its renewable energy policy. Although Pennsylvania regulators have finally introduced a limit on net metering, the 200% limit still means that the owners of distributed generation get 100% profit without paying anything for using the grid. Pennsylvania EDCs recognize this problem, but, being investor-owned companies, have little incentive to take remedial measures. Even they, however, have noted in their petitions to PA PUC that a high limit on net metering creates significant adverse effects on customers who do not own distributed generation.
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panels, 158 they cannot afford installation, but end up paying for the installations of others with the increase of utility charges. 159 While the Alternative Energy Investment Act created the Emergency Energy Assistance Fund aimed at helping low-income population in case of unexpected weather conditions or high energy prices, even the name of the fund suggests that such assistance will be available in only extreme circumstances and it requires an action from the Governor of Pennsylvania. 160 Low-income populations are left with general energy program funding initiatives propagated by the Alternative Energy Investment Act, such as loans, grants, reimbursements, and rebates available for home owners and small businesses. 161 In particular, the Act creates consumer and small business solar energy projects and authorizes Pennsylvania Department of Environmental Protection (PA DEP) to provide further details for such projects. 162 PA DEP acted on such authorization and promulgated Pennsylvania Sunshine Guidelines for the Residential and Small Business Solar Program, 163 which describes the procedure and eligibility for consumers and small businesses to receive rebates for installing solar technologies. 164 As revised, the Guidelines provide rebates for consumers and small businesses to offset the cost of their solar installations upon the PA DEP approval. 165 However, there are several reservations. First, applicants can receive rebates only when the funding is available; consequently, the approval of the project does not lead to automatic rebates. 166 Second, residential applicants and small businesses must pay $100 and $150 non-refundable fee. 167 As a result, even small businesses hesitate to install solar. 168 Needless to say, a $100 fee, plus upfront installation costs, is an unbearable burden for the low-income population. Consequently, solar technologies are practically inaccessible to low-income people. Yet, lower income groups are sponsoring solar technologies for others. The adverse effects of solar initiatives on low-income people can create further negative consequences. For example, an increase in utility rates will result in a lack of ability of low-income people to pay for their bills, which in turn may result in increased burden on state social welfare system.
4) Possible Solutions
Although Pennsylvania solar policies have a series of negative social implications, this does not mean that Pennsylvania should totally abandon solar initiatives. Simply, Pennsylvania should not strive to be the front-runner. 169 For example, PA PUC should consider the propositions of Pennsylvania EDCs to lower the upper limit of solar energy from distributed generation entitled to net metering.
170
Another solution to minimize cross subsidizing is to ensure the reliability of solar technologies.
171
This can be achieved through developing quality assurance and inspection programs to "maximize system performance thru [sic] proper design, siting, and installation." 172 Reliability of solar technologies will allow electric utility companies to reduce their supply by the amount of the solar energy that is produced constantly and without interruption by customer distributed generation.
173
In such a way, the companies' costs will decrease, which will be reflected on all customers' bills.
174
Another important technological aspect of solar technologies is energy storage and integrating energy storage programs into solar energy generation and 167 Id. at 2. 168 Litvak, supra note 132. 169 Pennsylvania has one of the largest solar mandates in the nation, requiring the installation of 860 MW solar capacity over the next 15 years. Lubbe & Fritschle, supra note 138, at 79. 170 See supra Part III.B.2 for a discussion on limiting net metering. 171 See, e.g., ACEEE REPORT, supra note 138, at 62. 172 Id. 173 See supra Part III.A.3 for the explanation of the problem that distributed generation decreases the revenues of electric utility companies, but does not reduce the costs the companies have to spend on their energy supply. 
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Since energy storage and the ability to operate solar energy generation in the microgrid environment directly affects the reliability of solar technologies, Pennsylvania rule-makers should dedicate more attention to this issue.
Finally, measures should be taken to involve the low-income population in solar energy initiatives. The most obvious example is to offer cash flow upfront financing for solar installations and provide technical assistance during such installations. 179 Consequently, it is not the end results that are flawed in Pennsylvania solar regime, but rather the means.
CONCLUSIONS
For the past several years, the Obama administration has become increasingly vocal with regards to the need to prevent global warming and abandon fossil fuels in favor of clean energy. 
